Is the sequence of eye-movements made when viewing a picture related to encoding the image into memory? The suggestion of a relationship is supported by studies that have found that scanpaths are more similar over multiple viewings of a stimulus than would be expected by chance. It has also been found that low-level visual saliency contributes to the initial formation of these scanpaths, and has lead to formation of theories such as the saliency map hypothesis. However, bottom-up processes such as these can be overridden by top-down cognitive knowledge in the form of domain proficiency. Domain specialists were asked to look at a set of photographs of real-world scenes in preparation for a memory test. Then they were given a second set of stimuli and were asked to identify the picture as old (from the previous set) or new (never seen before). Eye tracking analyses (including scanpath comparison using a string editing algorithm) revealed that saliency did influence where participants looked and in what sequence. However, this was reliably reduced when participants viewed pictures from their specialist domain. This effect is shown to be robust in a repeated viewing of the stimuli.
When inspecting visual scenes, eye-movements are not just a set of random fixations, but occur in a specific pattern, guided by both features of the scene and existing knowledge. Fixations are when gaze is relatively stationary in space and indicate the area where attention is being allocated (Buswell, 1935) . Saccades are the quick jumps of the eye from area to area, during which vision is essentially suppressed (Hering, 1879; Latour, 1962) .
Early studies found that eye-movements are related to the scene's content (Brandt, 1940; Buswell, 1935; Llewellyn-Thomas, 1968; Yarbus, 1967) and the pattern of fixations and saccades could be changed by altering the pictures or the task. Content that contains incongruent detail (e.g. detail that defies the gist of the scene) also dramatically influences the pattern of fixations and saccades, as such detail draws more attention than common or expected visual information. Viewers fixate on incongruent regions sooner and more frequently and for longer durations than any other area of the visual scene (e.g. Becker, Pashler, & Lubin, 2007; Underwood, Templeman, Lamming, & Foulsham, 2007) .
Visual saliency (an item's quality of being visually distinctive relative to its neighboring items) has been shown to affect the order and pattern of fixations. Koch and Ullman (1985) and Itti and Koch (2000) proposed that attention is drawn to the most salient region in an image first, followed by the second most salient region then the third most salient region, and so on. Attention, and eye fixations, are attracted to the region identified as being of greatest brightness, colour contrast and orientation change, and once we have fixated that region a process of inhibition of return prevents attention from being locked onto any one region, and allows us to saccade to the next most salient region. Itti & Kochi (2000) developed an algorithm to map the areas of high and low saliency of an image. If it is true that eye movements are drawn to highly salient areas first then these 'saliency maps' could be used to help predict eye movements in a scene.
Support for the effect of saliency on fixation locations comes from Parkhurst, Law, and Niebur (2002) , who showed participants a range of images and recorded eye movements. Viewers inspected each image for a few seconds while their eye-movements were recorded. Saliency strongly predicted fixation probability during the first two or three fixations, and the model performed above chance throughout each trial.
An interesting question is whether the effects of saliency are stable over time and over multiple viewings. Parkhurst et al. concluded that saccades are guided by a low-level saliency and more so when top-down factors can play less of a role, as, for instance, in natural scenes with many objects. They argue that saliency has a greater impact in the early fixations and decreases over the time of the trial. However, Tatler, Baddeley, and Gilchrist (2005) argued that the finding that saliency is more involved in targeting early fixations than later ones is due to methodological limitations with the technique applied by Parkhurst et al. (2002) . Tatler et al. reported that they also observed such an interaction when they failed to correct for central fixation bias but this disappeared when the appropriate correction was used. On the other hand, more recent work by Carmi and Itti (2006) on dynamic scenes supports Parkhurst's position.
Further support for a saliency map model of scene inspection comes from Underwood, Foulsham, van Loon, Humphreys, and Bloyce (2006) who found that when viewers inspected the scene in preparation for a memory task, objects higher in saliency were potent in attracting early fixations. When the same images were used with a search task, however, fixations were not directed towards salient objects.
The order and pattern of fixations and saccades made by the viewer when looking at a scene was defined as a 'scanpath' by Noton and Stark in 1971 . The scanpath theory predicts that the eye-movements a person makes when first looking at a picture are very similar to those they make when recognizing that picture at a later time. When a participant encodes an image, the eye movements they make are stored in memory as a spatial model. When they see the same picture again at a later time, this pattern of fixations and saccades is re-enacted to facilitate recognition of the picture. Therefore, if saliency predicts where a viewer looks when encoding a visual scene, and, according to scanpath theory that viewer makes very similar eye-movements on second exposure to the scene, then saliency effects should be relatively stable over extended time periods, experimental sessions and multiple viewings. This paper party aims to test this theory. Walker-Smith, Gale, and Findlay (1977) recorded eye fixations during two tasks involving black-and white-photographs of faces and found some support the scanpath hypothesis. Stark and Ellis (1981) reviewed studies reporting scanpath similarity in a range of stimuli and furthermore suggest this varies with the cognitive demands present. They even liken a scanpath to an explorer's map, an interesting parallel with the saliency map model. Brandt and Stark (1997) found great similarities between sequences made whilst viewing a simple checker-board diagram and those made when imagining it later on. According to scanpath theory, since there is no actual diagram or picture to be seen during the imagery period, it is likely that an internalized cognitive perceptual model is in control of these scanpaths.
Despite these encouraging results, it could be argued that such simple and un-naturalistic checker-board stimuli may lack ecological validity and thus compromise the results. In a modified version of the imagery experiment, Laeng and Teodorescu (2002) manipulated when participants could move their eyes. Participants that were told to keep their eyes centrally fixated during the initial scene perception did the same, spontaneously, during imagery. Participants that were allowed to move their eyes during initial perception but were told to keep their eyes centrally fixated during imagery exhibited decreased ability to recall the pattern. Laeng and Teodorescu argued that this was because the oculamotor links established during perception could not be used in the process of building up a mental image, and this limitation impaired recall.
There is also indication that eye-movements reflect verbally constructed scenes. Demarais and Cohen (1998) demonstrated that subjects that solved transitive inference problems using the words "left" and "right" elicited more horizontal eye movements, and subjects that solved transitive inference problems using the words "above" and "below" elicited more vertical eye movements. Similarly, it has been found that subjects listening to a spatial scene description tend to make eye movements in the same directions as in the described scene (Spivey and Geng, 2001 ). More recently, Johansson, Holsanova, and Holmqvist (2006) found that pictures and spoken descriptions elicit similar eye-movements during mental imagery, both in light and in the dark. All these studies lend support for scanpath theory. The present paper partly aims to find supporting evidence for similarities between scanpaths over multiple viewings using naturalistic scenes.
A bottom-up explanation for similarities in scanpaths at encoding and recognition could be that fixation locations are at least partly determined by salience and this remains constant over viewings. However, it could be argued that this bottom-up effect of saliency could be reduced by increasing top-down knowledge of the scene.
If an effect of domain knowledge on saliency affects eye-movements, it would be interesting to see if it is consistent over multiple viewings (i.e. if scanpaths remain less affected by saliency when viewing the same picture a second or third time). This has not been specifically investigated before in non-search tasks, although there have been studies that have found a cognitive override of saliency in search tasks (e.g. Underwood et al., , 2007 . This said, no studies to date have yet considered whether these findings are constant over multiple viewings.
In the current paper, participants consisted of two groups of domain specialists (Engineering Undergraduate students and American Studies Undergraduate students) and a control group. Although the specialists cannot be strictly classified as 'experts', they did have a high-level of domain-specific knowledge, an imperative component of expertise, into which there has been much research.
Expertise has been shown to enhance memory and performance on cognitive tasks, for example Walker (1987) found that on both recall and recognition tests, performance was a function of level of expertise in the domain. This enhanced performance has also been shown for visual search tasks, for example, McCarley, Kramer, Wickens, Vidoni, and Boot (2004) examined visual performance in a simulated luggage-screening task. Sensitivity and response times to find knives hidden in x-ray images improved reliably with expertise.
Recognition accuracy could be used as a baseline to justify whether participants have sufficient domain-specific knowledge to be classed as 'specialists'. If, for example, participants were just as accurate (or inaccurate) at recognizing pictures from their own domain as they are with control pictures, then their position as 'specialists' might be questioned. This is important because in order to investigate the true effect of domain knowledge on eye-movements, one has to ensure the participants are really specialists in that domain.
As mentioned above, the scanpaths of non-specialists are influenced by saliency, but if domain specialists produce different eye-movements to non-specialists on the same picture, it would provide support for the overriding effects of domain knowledge. Research has shown that experts' eye-movements do differ from non-experts, for example, experienced football players have been found to have a higher search rate, involving more fixations of shorter duration than novice players, (Williams & Davids, 1998) .
Non-specialists have also been shown to focus on small detail rather than the bigger picture. For example, Lowe (2004) found that when participants were asked to make predictions on weather maps, novices adopted more 'local' strategies, examining the maps bit-by-bit at the expense of the more global details. Similar results have been found in the detection of pulmonary nodules in radiology. Expertise, experience and training were associated with larger saccade amplitudes. Experts were more likely to cover the visual scene in longer, sweeping eye-movements leaving larger areas of the image un-fixated whereas the non-experts used shortinterval, point-by-point examination of the visual scene (Manning, Ethell, Donovana, & Crawford, 2006) . However, there is little evidence of how saliency has differing effects on the eyemovements of domain-specialists and non-specialists in a recognition task. Furthermore, if eye-movements are related to memory, as suggested by scanpath theory, then the overriding effect of domain knowledge should be constant over time, producing similar scanpaths on multiple viewings of the same stimulus. Although research has shown that specialists are consistently more accurate at recognition of domain specific targets (McCarley et al., 2004) , and that they consistently produce scanpaths reliably different from non-specialists (Manning et al., 2006) , there have been no scanpath comparisons carried out. Therefore, the links between scanpath theory, saliency and expertise cannot yet be identified from previous research.
The current experiment offers the chance to further investigate the similarity of scanpaths on encoding and second viewing of a naturalistic picture (testing scanpath theory) and how this is influenced by saliency. It also offers the opportunity to explore how domain knowledge influences the relationship between saliency and scanpaths, and whether a combination of top-down and bottom-up factors determine scanpaths during visual inspection.
Method
Participants All participants were students at Nottingham University (undergraduates and postgraduates), and consisted of 15 Engineers, 15 American Studies students, and 15 non-specialists (control group). A requirement of the American Studies group was that they had to have taken a core module on The American Civil War.
The age range was 18-30 and the mean age was 22. The sample comprised 24 females and 21 males. All participants had normal or corrected-to-normal vision. Inclusion in the study was contingent on reliable eye tracking calibration and three participants had to be replaced due to technical difficulties.
Materials and apparatus
Eye position was recorded using an SMI iVIEW X Hi-Speed eye tracker, which uses an ergonomic chinrest and provides very precise data within a gaze position accuracy of 0.2 degrees. The system parses samples into fixations and saccades based on velocity across samples, with a spatial resolution of 0.01 degrees, a processing latency of less than 0.5 milliseconds and a sampling rate of 240 Hz. An eye-movement was classified as a saccade when its velocity reached 30 deg/s or when its acceleration reached 8,000 deg/s 2 . A set of 90 high-resolution digital photographs were prepared as stimuli, sourced from a commercially available CD-ROM collection and taken using a 5MP digital camera. Of this set of 90, 30 were Engineering-specific, 30 were Civil War specific, and 30 were of natural scenes such as gardens, parks, and landscapes (control stimuli) -see Figure 1a -1c for examples of the simuli.
Half of each category were designated 'old' and shown in both encoding and test phases, while the other half were labelled 'new' and were shown only as fillers at test. Pictures were presented on a colour computer monitor at a resolution of 1,600 by 1,200 pixels. The monitor measured 43.5 cm by 32.5 cm, and a fixed viewing distance of 98 cm gave an image that subtended 25.03 by 18.83 degrees of visual angle.
Saliency maps were generated, using Itti and Koch's (2000) model with standard parameters. These maps were produced for the first four simulated shifts and thus indicate the first five most salient regions for each picture (see Figure 2 for an example). The only further criterion for stimuli was that all five salient regions were noncontiguous. Those pictures where the same or overlapping regions were re-selected within the first five shifts were replaced.
Design
The experiment used a three-by-three mixed design; with three specialist groups of participants and three specific types of stimuli. The specialist groups were Engineers and American Studies students, who were both domain specialists in their field. The third group consisted of non-specialists (also students at Nottingham University), who acted as controls. The independent variables were therefore which group the participant belonged to and the type of stimulus being shown. The dependant variable measures were: accuracy in deciding whether a picture was old or new; location of fixations relative to salient regions; total number of fixations; saccadic amplitude; average fixation duration; the similarity of the scanpath compared to that predicted by the saliency map; the similarity of the scanpath when comparing recognition and saliency; and the similarity of the scanpath when comparing encoding and second viewing of a picture.
Procedure
Following a nine-point calibration procedure, participants were shown written instructions asking them to inspect the following pictures in preparation for a memory test.
In a practice phase, participants were shown a set of five photographs that were similar to the ones in the experimental set, but did not fall into any of the three distinct experimental categories. The practice aimed to familiarize participants with the equipment, the displays, and the task. Participants were not told to look for anything in particular in any of the pictures but were asked to look at them in preparation for a memory test. Following the practice phase, the first stage of the experiment began. There were 45 stimuli (15 Engineering pictures, 15 Civil War pictures, and 15 natural scenes) presented in a randomized order. Each picture was preceded by a fixation cross, which ensured that fixation at picture onset was in the centre of the screen. Each picture was presented for 3,000 milliseconds, during which time participants moved their eyes freely around the screen.
After all 45 stimuli had been presented, participants were informed that they were going to see a second set of pictures and had to decide whether each picture was new (never seen before) or old (from the previous set of pictures). Participants were instructed to press 'N' on the keyboard if the picture was new, and 'O' on the keyboard of the picture was old.
During this phase, 90 stimuli were presented in a random order; 45 of these were old and 45 new (though the participants were not informed of this fact). In order to facilitate an ideal comparison between encoding and test phases, each picture was again shown for 3,000 milliseconds and participants could only make a response after this time. This was to encourage scanning of the whole picture so that scanpaths from the first and second phases of the experiment could be compared. At the start of the second phase, participants were given a practice of the task, using 10 photographs that were similar to the ones in the experimental set, but did not fall into any of the three distinct experimental categories. Five of these were the practice photographs from the first part of the experiment. Feedback was given in the practice phase as to whether or not the participant gave the correct response of 'old' or 'new'. No feedback was given in the experimental phase.
Results
Trials were excluded where the fixation at picture onset was not within the central region (the central square around the fixation cross when the picture was split into a 5 £ 5 grid at analysis), when participants looked away from the screen (e.g. to the keyboard), or when calibration was temporarily interrupted (e.g. if the participant sneezed, therefore removing their head from the eye tracker).
There were two main types of data, recognition memory data (accuracy); and eye tracking measures -mean number of salient fixations, mean total number of fixations per stimulus, average saccadic amplitude and string analyses (encoding compared to second viewing, and encoding compared to saliency).
Recognition memory Accuracy
Engineers were more accurate with Engineering stimuli and American Studies students seem to be more accurate with Civil War stimuli. Accuracy was measured by the number of pictures participants correctly identified as 'old' (if they were from the previous set) or 'new' (if they had never been seen before). This was done for each category of stimuli, and was out of 30 (as there were 30 pictures in each category in the second phase of the experiment). A between-groups ANOVA was conducted and found these differences to be statistically reliable.
There was a main effect of group, Fð2; 42Þ Figure 3 illustrates this interaction. Games-Howell post hoc analyses were carried out and showed there patterns to be statistically reliable. A pairwise comparison of non-specialists and Engineers on Engineering stimuli showed that Engineers were reliably more accurate at identifying old Engineering pictures ( p , :05). A pairwise comparison of non-specialists and American Studies students on Civil war stimuli showed that American Studies students were reliably more accurate at identifying Civil War pictures ( p , :05). A pairwise comparison of Engineers and American Studies students on Civil war stimuli showed that American Studies students were reliably more accurate at identifying Civil War pictures ( p , :05).
Eye-tracking measures Locations of fixations
It was found that domain-specialists made fewer fixations in salient areas when looking at domain-specific stimuli. Figure 4 illustrates this interaction.
Out of all the fixations each participant made on each stimulus, the proportion of these that fell in five most salient areas was calculated. A salient region was defined by an area centred on the peak identified by the saliency algorithm, and with a radius of two degrees of visual angle. There was not a statistically reliable main effect of group, Fð2; 42Þ ¼ 3:066, MSe ¼ 0:033, p ¼ :057, but there was a statistically reliable effect of stimulus, Fð2; 42Þ ¼ 25:563, MSe ¼ 0:033, p , :05. There was also an interaction between-group and stimulus, Fð4; 84Þ ¼ 58:065, MSe ¼ 0:002, p , :05. A between-groups ANOVA was conducted and found that there was a reliable difference between participants viewing the Engineering stimuli, Fð2; 42Þ showed that Engineers made fewer fixations on high saliency regions on Engineering stimuli than both American Studies students and non-specialists ( p , :05); and that American Studies students made fewer fixations on high saliency regions on Civil War stimuli than did Engineers or non-specialists ( p , :05). Figure 5 illustrates these results.
Total number of fixations
Specialists made fewer overall fixations when looking at stimuli from their own domain. Figure 6 illustrates these results. Figure 5 . A histogram to show the percentage of the first five fixations made by each group of participants for each type of stimulus that fell into salient regions. Salient regions were as predicted by a saliency model (Itti & Koch, 2000) . The error bars represent standard error.
The total number of fixations on each stimulus for each participant was calculated. There was a main effect of stimulus, Fð2; 42Þ ¼ 9:340, MSe ¼ 4:904, p , :05. There was no main effect of group, Fð2; 42Þ , 1, but there was an interaction between-group and stimulus, Fð2; 42Þ ¼ 45:830, MSe ¼ 0:250, p , :05.
A between-groups ANOVA showed a statistically reliable difference between participants when viewing American Civil War stimuli, Fð2; 42Þ ¼ 4:573, MSe ¼ 8:349, p , :05, and when viewing Engineering stimuli, Fð2; 42Þ ¼ 9:627, MSe ¼ 13:798, p , :05. There was no difference when viewing neutral stimuli, Fð2; 42Þ ¼ 1:859, MSe ¼ 3:987, p ¼ :168. Post hoc analyses showed that American Studies students made fewer fixations than Engineers and non-specialists when looking at American Civil War stimuli, and Engineers made fewer fixations than American Studies students and non-specialists when looking at Engineering stimuli.
Average saccadic amplitude
Specialists produced greater saccadic amplitudes when looking at stimuli from their own domain. Figure 7 illustrates these results.
An average saccadic amplitude on each stimulus for each participant was calculated. There was a main effect of stimulus Fð2; 42Þ ¼ 7:938, MSe ¼ 0:492, p , :05. There was no main effect of group, Fð2; 42Þ , 1, but there was an interaction between-group and stimulus, Fð2; 42Þ ¼ 22:926, MSe ¼ 0:110, p , :05.
A between-groups ANOVA showed a statistically reliable difference between participants when viewing American Civil War stimuli, Fð2; 42Þ ¼ 12:537, MSe ¼ 3:356, p , :05, and when viewing Engineering stimuli, Fð2; 42Þ ¼ 6:091, MSe ¼ 1:441, p , :05. There was no difference when viewing neutral stimuli, Fð2; 42Þ ¼ 2:182, MSe ¼ 0:451, p ¼ :125. Post hoc analyses showed that American Studies students produced greater saccadic amplitudes than Engineers and non-specialists when looking at American Civil War stimuli ( p , :05), and Engineers produced greater saccadic amplitudes than American Studies students and non-specialists when looking at Engineering stimuli ( p , :05). 
Scanpath analyses
Upon inspection of the sequences of fixations made when viewing a picture on the first (encoding) and second (recognition) occasion, some repetitions are evident. Often similar regions were inspected soon after picture onset and in some cases scanpaths were identical for the first few fixations.
String editing was used to analyse the similarity between scanpaths produced on encoding and second viewing. This technique is described in detail by Brandt and Stark (1997) , Choi, Mosley, and Stark (1995) , Hacisalihzade, Allen, and Stark (1992) , Privitera, Stark and Zangemeister (2007) and Foulsham and Underwood (2008) and involves turning a sequence of fixations into a string of characters by segregating the stimulus into labelled regions. The similarity between two strings is then computed by calculating the minimum number of editing steps required to turn one into the other. Three types of operations are permitted: insertions; deletions; and substitutions. Similarity is given by one minus the number of edits required, standardized over the length of the string. An algorithm for calculating the minimum editing cost is given in Brandt and Stark (1997) and this was implemented in the present study using a program written in Java.
In the present study a five by five grid was overlaid on to the stimuli (see Figure 8 ). The resulting 25 regions were labelled with the characters A-Y from left to right. Fixations were then labelled automatically by the programme, according to their spatial coordinates, resulting in a character string representing all the fixations made in this trial.
For the fixation sequence shown in Figure 8 , the string would be MNSTJGRRXS. The first fixation, which was always in the centre or region 'M', was removed and adjacent fixations on the same regions were condensed into one (making the example NSTJGRXS). Repetitions were condensed because it is the global movements that are of interest here, rather than the small re-adjustments which combine to give one gaze on a region. Strings were cropped to five letters, and were computed for each participant viewing each stimulus in the experiment (thus giving the example string NSTJG). Five letters were used because the mean number of gazes in different regions (i.e. excluding adjacent fixations on the same regions) on each stimulus was five, with a range of 4-7 gazes. This gave a more standardized and manageable data set, and was long enough to display any emerging similarity. In those trials where fewer than five gazes remained after condensing fixations, any comparison strings were trimmed to the same length. Once the strings had been produced for all trials, they were compared using the editing algorithm and an average string similarity was produced across trials.
The results were compared against a chance baseline. One way we considered doing this was to compare the experimental data against a random model. For example if more human gazes than randomly generated gazes lie in salient regions then this would suggest the visual system is selecting based on saliency. However, a uniformly distributed random model might lead to a difference purely due to systematic bias in eyemovements towards the centre (see Tatler et al., 2005) . Therefore, for each picture a participant viewed, the scanpath produced was compared to a scanpath that the participant produced on another a randomly selected picture. This was repeated for all 45 participants and an average similarity of 0.1148 was calculated.
Encoding versus model-predicted saliency scanpaths Scanpaths at encoding were similar to those predicted by the saliency model, apart from when specialists viewed pictures from their own domain, in which case the similarity decreased. Figure 9 illustrates this interaction.
The scanpaths generated from encoding of a picture were compared to respective scanpaths predicted by the saliency model (Itti & Koch, 2001) . Each scanpath was given a score depending on how similar eye-movements were at encoding compared to scanpaths predicted by saliency.
There was a main effect of stimulus, Fð2; 42Þ Post hoc analyses found that for Civil War stimuli, scanpaths from American Studies students at encoding were reliably less similar to scanpaths predicted by saliency than were engineers' and non-specialists' scanpaths compared to saliency ( p , :05). For engineering stimuli, scanpaths from engineers at encoding were reliably less similar to scanpaths predicted by saliency than were American Studies' and non-specialists' scanpaths compared to saliency ( p , :05). An example of the differences in scanpaths at encoding between a non-specialist looking at a picture from their domain and a specialist looking at the same picture can been seen by comparing Figure 10a and 10b with the saliency-predicted scanpath in Figure 2 .
Second viewing (recognition) versus model-predicted saliency scanpath
The second viewing (i.e. when participants were given the recognition test) was compared to the model predicted saliency sequence to see if the effect of saliency changed over time and after multiple exposures. The results showed that with recognition as well as encoding, saliency had less of an effect on experts' scanpaths when viewing domain-specific stimuli. Figure 11 illustrates this data.
There were no statistically reliable main effects of group, Fð2; 42Þ ¼ 1:754, MSe ¼ 0:036, p ¼ :186 or stimulus, Fð2; 42Þ ¼ 0:867, MSe ¼ 0:036, p ¼ :424. However, there was a statistically reliable interaction between-group and stimulus, Fð4; 84Þ ¼ 4:377, MSe ¼ 0:011, p , :05.
The ANOVA showed only a small statistically reliable effect of Civil War stimuli, Fð2; 42Þ ¼ 3:245, MSe ¼ 0:081, p , :05 and a nearing statistically reliable effect of Figure 1 , it can be seen that a large proportion of the fixations fall into salient regions and that the scanpath sequence is very similar to the predicted scanpath. The diagram was produced using the eye-tracking computer software 'Begaze'. (b) A scanpath made by and American Studies student, looking at a Civil War picture. Comparing this with Figure 1 it can be seen that very few fixations fall within salient areas and the scanpath sequence is different from that predicted by saliency.
Engineering stimuli, Fð2; 42Þ ¼ 2:967, MSe ¼ 0:72, p ¼ :062. Post hoc analyses (Games-Howell) showed that there were statistically reliable differences in Civil War and Engineering stimuli. Specifically, scanpaths produced by Engineers on second viewing of Engineering stimuli were significantly less similar to scanpaths predicted by the saliency model than were scanpaths of American studies students' or nonspecialists' scanpaths compared to saliency ( p , :05). Scanpaths of American studies students on second viewing of Civil War stimuli were also significantly less similar to scanpaths predicted by saliency than were scanpaths of Engineers or non-specialists compared to saliency ( p , :05).
Encoding versus second viewing (recognition)
Scanpaths at encoding and test were reliably more similar for all participant groups than would be expected by chance. This data are shown in Figure 12 .
The scanpaths generated from encoding of a picture were compared to those on second viewing during the recognition test. There were no statistically reliable main effects of group, Fð2; 42Þ ¼ 0:522, MSe ¼ 0:021, p ¼ :597, however there was a statistically reliable main effect of stimulus, Fð2; 42Þ ¼ 4:555, MSe ¼ 0:021, p , :05. There was also an interaction between-group and stimulus, Fð4; 84Þ ¼ 3:621, MSe ¼ 0:004, p , :05.
Overall, there was a string similarity of 0.238 for non-specialists, 0.245 for Engineers, and 0.268 for American Studies students. All of these string similarities were reliably greater than the calculated chance value of 0.1148 ( p , :05).
There was not a statistically reliable difference between the participant groups on the similarity of scanpaths at encoding and recognition, Fð2; 42Þ , 1. This comparison was broken down further to investigate whether scanpaths from encoding and recognition differed according to stimulus type for each participant group. There were no statistically reliable differences for Civil War stimuli, 
Discussion
Does knowledge of a domain affect the relationship between saliency and scanpaths when viewers look at images from within their domain? The analyses of recognition memory show that the specialist groups were more accurate in identifying pictures from their own domain. American Studies students were more accurate in identifying Civil War pictures, and engineers were more accurate in identifying engineering pictures. There was no significant difference in accuracy across the groups when identifying neutral pictures and non-specialists were equally accurate over all the stimuli. This result suggests that the participants in each group showed true domain-specialized knowledge for their area, which provides a valid basis for scanpath comparison between these groups. This is consistent with Walker (1987) who found that on recognition tests, performance was a function of level of expertise in the domain.
All the fixations made on a particular stimulus were compared to the five most salient areas of that stimulus. In previous research, saliency effects have been found when memory tasks were performed (e.g. . In this experiment, it was found that overall the specialist groups made fewer fixations in salient areas when the pictures were from their own domain, that is Engineers made fewer fixations in salient areas of Engineering pictures, and American Studies students made fewer fixations in salient areas of Civil War pictures. This suggests that when viewing their own area of expertise they were less constrained to looking at salient regions. There was no significant difference between-groups when looking at neutral pictures and nonspecialists showed no significant difference across stimuli types. This analysis was repeated using only the first five fixations in order to remain consistent with the scanpath analyses and to rule out the possibility that the saliency effect might be biased by later fixations. The same results were found. This lends support for the saliency map theory (Koch & Ullman, 1985) that suggests that saliency influences eye-movements. It is also consistent with Parkhurst et al. (2002) , who concluded that saccades are guided by low-level saliency and more so when top-down factors can play less of a role. The present study shows a correlation between saliency and eye-movements but this becomes limited when domain-specific knowledge comes into play. It can be seen in Figures 4 and 5 that Engineers make reliably fewer fixations in highly salient regions when viewing engineering pictures. The apparent cognitive override of saliency in the current study may seem intensified because the interesting parts of the stimuli to the Engineers may have been, by chance, of particularly low saliency, and thus it is almost like they were actively seeking out low-salient regions, which would not have been of interest to non-specialists. It could therefore be argued that salience is not necessarily informativeness, in that it plays a part in allocating attention unless there are more semantically interesting parts of the scene, in which case those more informative areas are fixated.
The cognitive override effect that has been found is consistent with previous investigations of saliency influences (e.g. Underwood et al., , 2007 in a search task, but when an encoding task was used, as here, the saliency map did predict fixation locations. In the present experiment, saliency was a good predictor of fixation locations, apart from when specialists viewed pictures from their own domain. However, others have proposed alternative causal factors that could result in fixations within salient locations or similarities between sequences of locations fixated. For example, Torralba, Castelhano, Oliva, and Henderson's (2006) contextual guidance model proposes that image saliency and global-context features are computed in parallel, in a feed-forward manner and are integrated at an early stage of visual processing (i.e. before initiating image exploration). For example, Engineers might have known where the more interesting parts of a car engine would have be located and thus this knowledge resulted in similar fixation locations on first and second viewing.
The overall number of fixations and the saccadic amplitudes for stimulus type for each participant group were calculated. It was found that specialists make fewer fixations and produce greater saccadic amplitudes when viewing stimuli from their own domain. This suggests that specialists have a wider spatial distribution of eye-movements and coincides with previous research such as that by Reingold, Pomplun, and Stampe (2001) who also found that experts made fewer fixations per trial and greater amplitude saccades than non-experts.
The main analyses in this experiment were scanpath comparisons. There is a certain amount of difficulty in quantifying the similarity between scanpaths elicited at encoding and those made during the recognition test. This difficulty lies in condensing the spatial information of multiple fixations without losing the sequence information inherent in a two dimensional serial scanpath. The most popular technique for quantifying the similarity of such sequences, and that which is used here, is string editing.
There is not yet a universally agreed way of best analysing eye-movements and scanpath data and one issue frequently raised is how to divide up the target into viewing areas. Brandt and Stark (1997) divided their stimuli up into seven areas or 'zones', however, others have divided stimuli up into 25 zones (e.g. Foulsham & Underwood, 2008) , and how fine-grained it should actually be is not agreed upon. This could make a difference to the data analysis. Take for example Figure 13 .
If the zones were smaller, the two fixations in E could be counted as being in different areas. Or similarly, if the zones were bigger, the fixations in K and E could be counted as being in the same area. This could cause a different outcome from the algorithm. A 5 £ 5 grid was chosen for the current study (resulting in 25 zones) as it achieved a balance between spatial resolution and simplicity of computation.
A related problem is whether to analyse zones or objects. For example, two fixations may fall close to each other in the same zone, but fixate on two different objects. Should that be counted as one fixation (one zone) or two (two different objects)? Similarly, what if two fixations were extremely close to each other, but the borderline meant that they fell into two different zones. We accept these methodological points as limitations to the use of string-editing as a method of computing scanpath similarities, however as yet there is no universally agreed solution. A possible follow-up to this study could be to repeat the analyses using a technique developed by Mannan, Ruddock, and Wooding (1995) which computes the mean linear distance between fixations in one scanpath and their nearest neighbour in the other set. Henderson, Brockmole, Castelhano, and Mack (2007) refined this method slightly by adding the constraint that each fixation in a scanpath is assigned to only one other in the comparison scanpath. This 'Uniqueassignment' (UA) version ensures that the scanpath comparison is not disproportionately affected by differences in overall distribution of fixations and therefore also requires the scanpaths to have an equal number of fixations. Foulsham and Underwood (2008) have compared these three methods for scanpath computation and have found that they produce very similar results in practice. String editing was used in this experiment because it is the most conservative of the three methods.
Overall, scanpaths produced on encoding of a picture compared to those produced on second viewing were more similar than would be expected by chance. This was consistent across all participants, regardless of group or stimulus type. Scanpath theory (Noton & Stark, 1971) suggests that visual patterns are represented in memory as a network of features and attention shifts between them. This network is then replayed and compared to the external stimulus when recognizing the image later. By this account, the scanpaths at encoding were similar to those at recognition because they were stored and recalled top-down, to determine the scanning sequence. One has to keep in mind that although the similarity seen here is significant, there is still a large amount of variance unaccounted for. Previous demonstrations of scanpath similarity have largely used simple patterns or line drawings, with fewer and larger regions of interest. It is likely that the much more complex photographs used here led to less scanpath repetition, possibly due to a greater appreciation of the scene semantics by knowledgeable viewers. Scanpaths from the encoding of a picture were compared to computer-generated scanpaths predicted by saliency. It was found that scanpaths of American Studies students were least similar to the saliency scanpaths when looking at Civil War pictures; and scanpaths of Engineers were least similar to the predicted scanpaths when looking at Engineering pictures. Very similar results were found when scanpaths from the second viewing of the picture were compared to computer-generated saliency scanpaths. In other words, scanpaths were similar to those predicted by the saliency model, apart from when the stimulus was associated with the participant's specialist domain. This result reinforces the mean salient fixation analysis findings (that saliency is less of an influence when the participant is a specialist in that domain) but also incorporates the important concept of sequence and the order of fixations. This is consistent with the notion that bottom-up saliency guides eye-movements, but can be overridden by top-down cognitive domain-specific knowledge, and that this effect is constant over time. Furthermore, it supports previous findings that scanpaths from encoding and second viewing of a picture are more similar than would be expected by chance. However, the effects found when comparing second viewing with saliency, although statistically reliable, were weaker than when comparing encoding with saliency. The main reason for this is that in the first comparison, American Studies students were reliably different to both Engineers and non-specialists on Civil War stimuli, and Engineers were significantly different to both American Studies students and non-specialists, thus making the overall effect very strong. However, on the second half of the experiment, non-specialists showed large variance amongst the group. Therefore, on the second comparison, Engineers were only reliably different from American Studies students and vice versa, therefore the overall effect was decreased. Due to the large variance in the non-specialist group, it makes it hard to interpret this result, although it does not look to be related to the main hypothesis.
In conclusion, there is a relationship between saliency and eye-movements, shown by the similarity of actual scanpaths to those predicted by the saliency model (Itti & Koch, 2000) . However, domain-specific knowledge can act as an overriding factor, weakening this relationship between saliency and eye-movements. This effect has been shown to be stable over time.
